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Synopsis 

Stromatoporoids are sessile, dominantly Early-Middle Palaeozoic, frame- 
building, calcareous fossils, probably nearest to present-day sclerosponges or 
hydrozoans. The Ordovician representatives, which formed important constituents of 
the earliest coral-stromatoporoid-algal patch reef and carbonate bank communities, 
include members of three markedly different families — the Labechiidae, the 
Clathrodictyidae and the Cliefdenellidae. The labechiids are the most diverse and 
abundant Ordovician group with some nineteen genera, and a maximum 
development in the Middle-Late Ordovician. The clathrodictyids are a predominantly 
Silurian family, but three genera had already appeared in the preceding Ordovician. 
The cliefdenetlids are restricted to one, exclusively Ordovician, genus. A systematic 
review of all the constituent Ordovician generais presented. 

The distribution of the genera is depicted in terms of the known Ordovician 
stratigraphical ranges and geographical spread. The labechiids exhibit a strikingly 
rapid period of diversification in the Middle Ordovician (in North American 
stratigraphical terminology, between Chazy and ‘Blackriver’ times) . Most genera 
appear to have dispersed fairly rapidly along the band-like Ordovician ‘equatorial’ 
belt, but a few like Pachystylostroma and Aulacera seem to have migrated much more 
slowly, having taken until late in the Ordovician to achieve a circum-equatorial 
distribution. The clathrodictyids and cliefdenellids made their first appearances in the 
Australian region in the late Middle Ordovician (North American ‘Trenton’). 
Clathrodictyon and Ecclimadictyon also migrated very slow!y, taking until the end of 
the Ordovician to attain a circum-equatorial dispersal. While the clathrodictyids may 
have evolved from a simple ‘vesicular’ Middle Ordovician labechiid, it is more difficult 
to derive the complex morphology of Cliefdenella from such an ancestor. Cliefdenella 
is only recorded from Australia and Siberia. 

The supposed Cambrian ‘stromatoporoids’ cannot be positively confírmed as the 
ancestral stocks to later stromatoporoids. They have a temporally and geographically 
restricted occurrence in the Early Cambrian of the Altai Sayan mountain region of 
Siberia, have archaeocyathan associations and morphological resemblances to some 
members of the class Irregulares, and they are separated by a period of 110 million 
years from indubitable Middle Ordovician and later stromatoporoids. An earlier 
ancestry would help to explain the sharp morphological differences between 
individual families and to resolve the problem of the derivation of Cliefdenella, but 
the origins may have been in non-skeletonized stocks rather than in the supposed 
Cambrian ‘stromatoporoids’. The first Ordovician appearance of each family seems 
more Iikely to reflect the beginnings of skeletonization in the particular group rather 
than to depict the initial radiation of a new lineage. The review concludes with an 
account of the adaptive radiation of skeletonized Middle-Late Ordovician labechiid 
genera, and an outline of the altematives for deriving the clathrodictyids and the 
cliefdenellids. 



ÏNTRODUCTION 

The year 1978 marked the centenary of the introduction by Nicholson & Murie of 
the term Stromatoporoidea. Members of this problematical group of fossil organisms 
have calcareous skeletons of hemispherical, laminar, encrusting, cylindrical and 
ramose growth form, and are composed internally of a meshwork of plate-like 
elements (cysts or laminae) and intersecting, vertical, rod-like pillars, or less 
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commonly, an amalgamate network. Nicholson & Murie (1878) reviewed the 
structure and affinities of stromatoporoids — published incidentally in the journal 
of our kindred society, the Linnean Society of London — arguing against their affinity 
with marine plants (‘Nullipores’) , Foraminifera, hexactinellid sponges, Bryozoa and 
corals. They noted the close resemblances to hydrozoans and to calcareous sponges, 
favouring a grouping with the sponges. Later, Nicholson (1886a) revised this view in 
favour of interpreting stromatoporoids as hydrozoans rather than sponges, having 
become convinced of the existence in various typical stromatoporoids of ‘tubes’ or 
‘cells’ which may have served to house living zooids as in a coelenterate colony. 

Both Nicholson & Murie’s earlier interpretation and Nicholson’s later grouping 
have their modem adherents. Steam (1975) has summarized the divergence of 
opinion as between ‘those who maintain that they are hydrozoans whose closest living 
relative is Hydractinia and those who believe that their closest living relatives lie in the 
Phylum Porifera. In favouring the assignment of them to a separate subphylum of the 
Porifera (the Stromatoporata) , Stearn (1972; 1975) noted the morphological 
similarities, especially the presence of astrorhizae (possibly representing the excurrent 
canal system as in a sponge) , and the principal difference in lacking siliceous spicules. 
He interpreted the stromatoporoids like modem sclerosponges as secreting a skeleton 
of fibrous aragonite and living as individual (non-colonial) filter feeders. 

On the other hand, Birkhead (1967), Flùgel & Flugel-Kahler (1968), Sleumer 
(1969), Mori (1969; 1970), Bogoyavlenskaya (1969), Kazmierczak (1971) and 
Bolshakova (1973), among modem specialists of the group, prefer to view them as 
having an affìnity with hydrozoans. Kazmierczak (1976), though, in the latest 
expression of his views, radically departs from his earlier interpretation, and now 
proposes that stromatoporoids be removed fron the animal kingdom, and included 
with stromatolites in the Cyanophyta (blue-green algae) . Thus the precise affínities 
and systematic relationships of stromatoporoids are now little closer to being settled 
than they were in Nicholson’s day, despite the enormous increase in knowledge of the 
group, including the especially important contributions on microstructure (Stearn 
1966; St. Jean 1967) and soft tissue reconstructions based on analogies with living 
sclerosponges (Steam 1975) . 

The majority of past and present-day specialists have viewed the 
Stromatoporoidea as being a reasonably homogeneous group. However, a small band 
of European workers, notably Heinrich (1914), Tripp (1929), Kuhn (1927; 1939) 
and Alloiteau (1952) , have considered them to be heterogeneous, with representatives 
of the family Labechiidae taken to be a separate subdivision not allied to 
stromatoporoids proper. These workers maintained that the coenosteum (or skeleton) 
of members of the order Stromatoporoidea in exhibiting a meshwork of open, gallery- 
like passages and a ramifying, tube-like astrorhizal system, differed fundamentally 
from labechiids which typically have a closed vesicular form and lack astrorhizae. The 
labechiids were therefore assigned to a separate order. The majority of present-day 
specialists of the group (Yavorsky 1962; Nestor 1964; 1966a; 1966b; Steam 1966; 
Flugel & Flugel-Kahler 1968; Webby 1969; Bogoyavlenskaya 1969; Mori 1969; 
1970; Bolshakova 1973; Khalfìna & Yavorsky 1973; Khromych 1974a; and Kapp & 
Steam 1975), however, include the labechiids in the Stromatoporoidea. As Nestor 
(1966a) has said, ‘the differences between the vesicular and other stromatoporoids are 
by no means so sharp and fundamental as to justify assigning them to different orders’. 

Many previous workers have alluded to the diffículties of interpreting — more 
specifícally identifying — stromatoporoids because of their susceptibility to alteration 
both by the processes of diagenesis and recrystallizadon. Stearn’s (1972; 1975) 
explanation that stromatoporoids initially secreted a more unstable aragonite skeleton 

Proc. Linn. Soc. N.S.W., 103 (2) , (1978) 1979 



B.D. WEBBY 



85 



recalls Nicholson’s (1886a, p. 35) original statement. He wrote: ‘There is, in fact, 
considerable reason for concluding that the skeleton was originally composed of 
arragonite, and that in almost all, or perhaps all, specimens which have not been 
silicified, the arragonite has become more or less extensively replaced by calcite’. 
Other calcareous fossil groups such as brachiopods, bryozoans and some corals 
(notably heliolitids) usually exhibit better preservation than the associated 
stromatoporoids (Kapp & Stearn 1975) . 

Not only are there problems of interpreting the effects of secondary alteration of 
the original structure, but there are difficulties in recognizing the limits of the original 
variability within many fossil species. For instance, within a single coenosteum 
exhibiting alternate banding of two distinctive morphologies, one may be inferred to 
be more completely calcified than the other (see further discussion p. 87, and 
Yavorsky, 1961, pl. 19, figs 1-6; pl. 20, figs 1-2). The coenosteum may have been 
better calcified at certain periods of growth than at others (Kapp & Stearn 1975) . 

The first, indubitable representatives of the Stromatoporoidea appeared in the 
Middle Ordovician (Chazy) of eastern North America (Galloway 1957; Kapp & 
Stearn 1975), and the group rapidly attained a wide distribution through Europe, 
Asia, North America and Australia. The position of the problematical, Early 
Cambrian stromatoporoids from the Altai Sayan fold belt of south west Siberia 
(Khalfina & Yavorsky 1967) remains in doubt (see later discussion p. 112). The 
Middle-Late Ordovician stromatoporoids accumulated in carbonates mainly in 
isolated occurrences, small clusters or bank-type deposits (biostromes) . In a few places 
they are also reported as constituting a conspicuous component of patch reefs 
(bioherms) , for instance, in the early Middle Ordovician Chazy Group of Vermont 
(Kapp 1975), in the late Middle Ordovician Mj0sa Limestone of Norway (Skjeseth 
1963), and in the Late Ordovician (Richmond) of Anticosti Island (Bolton 1972; 
Copper, 1974). The Ordovician stromatoporoids merit close attention for a fuller 
understanding of the structure and development of the early members of the group. 

In an attempt to maintain uniformity of usage throughout this review, I have 
followed North American practice of regarding the Whiterock, Chazy, ‘Blackriver’ 
and ‘Trenton’ as Middle Ordovician, and the Eden, Maysville and Richmond as Late 
Ordovician (see Fig. 8). Specimens illustrated in Figs 1-7 are from the following 
repositories: palaeontology collection of Sydney University (SUP) , geology collection 
of the University of Tasmania (UTGD), Paleontologisk Museum, Oslo (PMO), and 
the Sedgwick Museum, Cambridge (SM) . 

Systematic Review 

In general Ordovician stromatoporoid faunas tend to be less well preserved, and 
less diverse and abundant than their Middle Palaeozoic counterparts. Representatives 
of only three families have been confirmed as occurring in Ordovician strata (Webby 
1969; Webby & Morris 1976) — the Labechiidae Nicholson 1879 being the largest 
and most varied family with its maximum development in the Middle-Late 
Ordovician, the Clathrodictyidae Kuhn 1939, a relatively inconspicuous component of 
the Middle-Late Ordovician fauna, and the Cliefdenellidae Webby 1969, limited to a 
single, exclusively Ordovician genus. 

(a) Fa mily La b echiida e 

The conception of the family adopted herein is similar to that given by Galloway 
(1957), Yavorsky (1962) and Stearn (1966) — it appears to be a natural grouping, 
and is not easily amenable to subdivision. The group could be enlarged to superfamily 
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rank but is still not easily subdivisible. It constitutes the elements of ‘Gruppe 1* of 
Flùgel & Flugel-Rahler (1968). The family includes a wide range of forms 
characterized by imperforate, compact tissue, cyst-like to laminar plates, sometimes 
exhibiting denticles, sometimes pillars (occasionally both) , and with very rare obscure 
occurrences of astrorhizae (Yabe & Sugiyama 1930; Nestor 1966b; 1976; Mori 
1970) . 

Some workers (Kuhn 1927; 1939; Lecompte 1956) have separated the 
cylindrical to branching forms from the rest of the group, placing them in the family 
Aulaceridae Kuhn 1927. However others, such as Bogoyavlenskaya (1969; 1971) and 
Khalfìna & Yavorsky (1973), regard the shape of the coenosteum as a feature of 
generic not family rank. 

Bogoyavlenskaya (1969; 1974) has raised labechiids to the level of an order, and 
Khalfìna & Yavorsky (1973) and Nestor (1974; 1976) to that of a superfamily. New 
family subdivisions have been added — Stromatoceriidae Bogoyavlenskaya 1969, 
Plumataliniidae Bogoyavlenskaya 1969, Rosenellidae Yavorsky in Khalfina & 
Yavorsky 1973, and Platiferostromatidae Khalfína & Yavorsky 1973 — but all seem to 
be unnatural divisions and should be rejected. Also, Khalfina & Yavorsky assign 
without comment the family Stromatoceriidae (genus Stromatocerium Hall) to 
stromatoporaceans rather than labechiaceans. 

The erection of the family Lophiostromatidae Nestor 1966 (superfamily 
Lophiostromatacea Nestor 1974) seems to be another unnecessary subdivision of the 
labechiid group, introduced in order to accommodate those elements with more 
massive tissue (the genera Lophiostroma Nicholson 1891 and Dermatostroma Parks 
1910). 

Nestor (1974) proposed a four-fold subdivision of the superfamily Labechiacea 
— families Labechiidae, Stromatoceriidae, Aulaceridae and Plumataliniidae. In a 
subsequent paper, Nestor (1976) offered a different four-fold subdivision adding the 
Rosenellidae and subtracting the Stromatoceriidae. He radically changed the generic 
composition of the various families from his earlier subdivision. For example, the 
Aulaceridae which formerly included only the cylindrical forms (such as Aulacera, 
Sinodictyon and Cryptophragmus) was modifìed to include Cystistroma Etheridge 
and Stromatocerium Hall, and to exclude Cryptophragmus and Sinodictyon — to 
group together the cystose forms with ‘hollow’ pillars irrespective of their growth form. 
The ‘hollow’ pillars of Stromatocerium , as Kapp & Steam (1975) have remarked, may 
form by diagenetic processes from solid ones, and therefore may have little or no 
taxonomic significance. 

Khromych (1974a; 1974b) has given as the basis for subdividing the labechiids, the 
presence or absence of continuous pillars with an inverted cone-like structure, but has 
actually provided a most arbitrary and artificial subdivision of the group. 
Clathrodictyids are associated with forms like Stromatocerium (Stromatoceriidae) 
and Cystostroma (Cystostromatidae Khromych 1974a) in the same superfamily 
(Cystostromacea) , and representatives of the family Labechiidae (restricted) are 
placed with members of the family Actinostromatidae in the superfamily 
Labechiacea. Stromatocerium which has close ties to Labechia and Labechiella 
(differing chiefly in having angular to blade-like instead of round pillars) is thus 
grouped in a separate superfamily from Labechia and Labechiella — placed in the 
superfamily Cystostromacea (and associated with Clathrodictyon) . This is as extreme 
and as unacceptable as Khalfìna & Yavorskys (1973) grouping of Stromatocerium in 
the superfamily Stromatoporacea. 

Kazmierczak (1971) has employed a two-fold morphological grouping with 
subdivisions (lineages) based on inferred evolutionary trends. Morphological group 
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A, lineages I-IV, contain many common labechiid genera, but the individual lineage 
subdivisions fall well short of acceptable natural groupings. The worst example is the 
association of the morphologically distinctive, non-labechiid Cliefdenella Webby with 
the labechiid Forolinia Nestor in lineage IV. 

The Ordovician representatives of the family Labechiidae exhibit a wide variety 
of growth form. As Parks (1910) noted, they range from ‘delicate incrustations of 
Dermatostroma papillatum to giant cylindrical columns of Aulacera like those found 
on Anticosti Island up to 5 metres long and 350 mm in diameter (Galloway & St. Jean 
1961, p. 26). They occur, however, more commonly in hemispherical to sheet-like 
masses — for example, the hemispherical masses of Cystistroma donnellii Etheridge 
from the Cliefden Caves Limestone of New South Wales attain dimensions of 280 mm 
across and 200 mm in height (Webby 1969), and Labechia huronensis (Billings) 
from the Late Ordovician of Ontario, Indiana and Ohio has a size of up to 270 mm 
across and 120 mm in height (Galloway & St. Jean 1961) . Some masses of Cystostroma 
such as C. fritzae Galloway & St. Jean from the Late Ordovician of Ontario attain 
larger dimensions — 600 mm across and 250 mm in height. Kapp (1974; 1975) 
reported the occurrence of a still larger conical to columnar coenosteum of 
Pseudostylodictyon lamottense (Seely) , more than 1 metre in width and height from 
the Chazy Group of eastern North America. 

(i) Cystostroma Galloway & St. Jean in Galloway 1957 — Kapp & Steam (1975) 
questioned the validity of the genus Cystostroma based on the type species C. 
vermontense Galloway & St. Jean from the Crown Point Formation (Chazyan) on Isle 
La Motte. In a survey of some 400 specimens from the type area, the morphology of C. 
vermontense was only found at the bases of coenostea of Labechia prima Kapp & 
Steam and some other species. However in the type material re-examined by Kapp & 
Stearn only the vesicular Cystostroma cyst-type structure is preserved. 

The problem of intergrowths of two distinct morphologies in one coenosteum is 
highlighted by another example from the Late Ordovician of the Kolyma Basin, 
north-eastern U.S.S.R. Identifíed by Yavorsky (1961) as an intergrowth of Labechia 
mirabilis Yavorsky and Cystostroma rarum Yavorsky this labechiid exhibits 
alternating phases of growth with cysts only, giving a Cystostroma morphology, and 
with both cysts and pillars producing a Labechia-type structure. In another example 
of an undescribed species from the lower part of the Gordon Limestone Subgroup near 
Mole Creek, Tasmania, the bands of cysts alternate with sediment layers (less 
commonly diagenetic silt) . Some individual coenostea (Fig. 2E-F) show little trace of 
pillars, while others exhibit, in varying stages of preservation, solid pillars or ‘walless 
rods-’ (Kapp & Steam 1975) . It is therefore assigned to Labechia. 

Many of the designated species of Cystostroma exhibit denticles, and some even 
show impersistent pillars, of the type formed by superposition of denticles through 
more than one cyst. The problem is where to draw the line between forms with 
denticles only and forms with impersistent pillars. The type species C. vermontense 
(based on the type material) and C. cliefdenense Webby seem to lack all traces of 
pillars, whereas Nestor’s (1964) C. estoniense is recorded as having rare, short, 
‘hollow’ pillars, and C. concinnum Ivanov in Ivanov & Myagkova from the Late 
Ordovician of the Urals (Bogoyavlenskaya 1973) also has occasional slender, tubule- 
like pillars. Nestor (1976), who includes forms with impersistent pillars in his 
conception of the genus, has listed some thirteen species from the Middle-Late 
Ordovician. 

Little has been written on the ontogeny of species as a basis for determining 
stromatoporoid ancestry and phylogeny (see Galloway 1957) . The basal row of cysts or 
laminae of the coenosteum (and the basal rows of successive latilaminae) may provide 
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some clues to the early developmental stages of a particular line. In this context, Kapp 
& Steam’s (1975) observation that the structure of C. vermontense is only preserved in 
the bases of coenostea of Labechia prima and other species may be significant in 
supporting arguments that Cystostroma is the ‘ancestral’ stock. The base of the 
coenosteum of Labechia cf. L. pustulosa (Safford) — see Kapp & Steam (1975, pl. 4, 
fig. 3) — and the base of a latilamina of L. aldonesis Webby (1977, pl. ld) similarly 
exhibit a Cystostroma -type structure. 

(ii) Pseudostylodictyon Ozaki 1938 — The type species, P. poshanense Ozaki 
1938, following the definitions of cysts and laminae given by Kapp & Stearn (1975, p. 
167), exhibits both cysts and laminae, but in some parts of the coenosteum it is 
difficult to distinguish between them. The laminae seemingly form parallel to the 
growth surface of the coenosteum, and represent successive depositional floors. The 
cysts, both large and small, fill interspaces between successive depositional floors in 
two main areas, on the slopes of the mamelons and in the troughs between the 
mamelons. Denticles may be present or absent. The problem of whether the laminae 
are original, laterally continuous, plate-like structures, or formed secondarily by the 
destruction of inclined-vertical side walls of long-low cysts in certain rows during 
diagenesis or recrystallization, is unresolved. At least in P. inequale Webby (1969, pl. 
119, figs 1-3) its laterally continuous concentric plates appear to represent original 
primary laminae (Fig. 3F) . 

Kapp & Stearn (1975) have expressed inconsistent statements bearing on the 
early stages of stromatoporoid evolution. On the one hand (p. 169) they claim that 
Labechia eatoni (Seely) with its rows of similar-sized long-low cysts arose from 
Pseudostylodictyon lamottense (Seely) with its pattem of predominant laminae, and 
on the other (p. 167), they maintain that ‘primitive’ species have large, strongly 
convex cysts of variable size and shape, while more advanced forms have smaller, more 
uniform long-low cysts, implying a more probable derivation of the Chazy Labechia 
from a vesicular Cystostroma -like ancestor. If Pseudostylodictyon is indeed ancestral 
to Labechia } why do not the bases of coenostea of Labechia exhibit a ‘laminar’ 
Pseudostylodictyon structure? 

Plumatalinia Nestor 1960 has been distinguished from Pseudostylodictyon by 
having a fine subreticulate tissue in the mamelon columns (Nestor 1964) . However, it 
remains uncertain as to whether this tissue is of primary or secondary origin. If the 
latter, then the original vesicular plates of the mamelon columns have broken down 
into a secondary subreticulate tissue; and hence the genus should be regarded as a 
synonym of Pseudostylodictyon. In an opposed view, Bogoyavlenskaya (1969) has 
argued that Plumatalinia, because of its morphology of vesicular plates resembling 
laminae, and reticulate column network, could well be the ancestor of ‘laminar’ 
stromatoporoids, for instance the clathrodictyids. She introduced the family 
Plumataliniidae to accommodate thisgenus. 



Fig. 1. A-B, Labechia conferta (Lonsdale 1839), X 5, SUP 285 from the Silurian of Dudley, England. A, 
vertical section showing solid pillars protruding upward into the sediment. B, tangential section. C-F, 
Stromatocerium sp. nov., X 5, from the lower part of the Gordon Limestone Subgroup (Middle 
Ordovician) of Tasmania. C, vertical section of UTGD 94642 from the Cashions Creek Limestone of the 
Florentine Valley showing peripheral part of latilaminate coenosteum. D, vertical section of UTGD 94639 
exhibiting diagenetically altered, sparry calcite -fílled pillars. E, tangential section of UTGD 94640. F, 
vertical section ofUTGD 94641 showing sparry calcite-fílled (replaced) pillars protruding into the overlying 
sediment. D-F, from the lower part of section on the south-west side of Sassafras Creek in the Mole Creek 
area. 
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(iii) Labechia Milne-Edwards & Haime 1851 — The intemal structure of 
Labechia based on the type species L. conferta (Lonsdale) from the Middle Silurian 
of England has been fully investigated by Nicholson & Murie (1878) and Nicholson 
(1879), and shown to be composed of a large number of stout, vertically aligned 
pillars with a sene ç of lenticular, upwardly convex vesicles fìlling the interspaces (Fig. 
ÌA-B) . The pillars, Nicholson (1879; 1886a) noted, protrude onto the upper surface 
of the coenosteum as solid tubercles (papillae) , but may show axial canals elsewhere. 
Because of the irregular arrangement of the vesicles (Nicholson 1886a), the 
coenosteum exhibits little tendency to split concentrically as in typical stromatoporoids 
with ‘concentric laminae’. Lecompte (1956), Galloway (1957), Galloway & St. Jean 
(1961), Yavorsky (1962), Nestor (1966b) and Mori (1970) offered a similar generic 
conception to that given by Nicholson, emphasizing the long, stout, round pillars, 
vesicular cyst plates and compact microstructure. The pillars may have an upwardly- 
directed cone-in-cone appearance, zigzag-shaped outer edges and axial canals as seen 
in vertical section, and concentric banding with lighter, apparently hollow centres 
(intersected axial canals) as seen in tangential section (Steam 1966; Nestor 1966b). 
In fact the axial canals are not strictly hollow but have an infílling of sparry calcite. 

Only a few Ordovician species, like Labechia huronensis from the Late 
Ordovician of Canada (Galloway & St. Jean 1961), bear close morphological 
similarity to the type species, L. conferta. Other forms, with only a patchy 
development of pillars, and with more consistency in the regularity of horizontal cyst 
rows than in the continuity of vertical pillars, have been included in the genus ; see, for 
example, Labechia eatoni (Seely 1904), L. prima , Kapp & Stearn 1975 and L. 
aldonensis Webby 1977. In the group including these species ( L . prima group) , the 
coenosteum has an overall appearance of more conspicuous horizontal elements than 
vertical (Figs 2D; 3C-D), in contrast to those closely allied to the type species (L. 
conferta group) with the continuity of strong, vertical pillars as the dominating 
feature of their coenostea (Fig. ÌA-B) . The L. prima group is well developed in the 
Middle-Late Ordovician, from the middle Chazyan onwards, and probably represents 
an early stage in the evolutionary development of Labechia. 

Stearn (1966) noted that the cysts of virtually all labechiids appear to be without 
pores except in the genus Forolinia Nestor 1964. He suggested that if the supposed 
foramina in the cysts of this genus are leached or recrystallized pillars then the genus 
would be diffícult to distinguish from Labechia. Kapp & Stearn (1974) have added 
that if the ‘canals’ of Nestor (1964) are interpreted as altered pillars, then Forolinia 
should be regarded as a synonym of Labechia. 

(iv) Labechiella Yabe & Sugiyama 1930, Labechiellata Sugiyama 1940 and 

Tuvaechia Bogoyavlenskaya 1971 — Yabe & Sugiyama (1930) introduced 

Labechiella as a subgenus of Labechia but misinterpreted the flattened cyst plates 



Fig. 2. A-B, Stratodictyon sp. nov., from the lower part of the Gordon Limestone Subgroup on south-west 
side of Sassafras Creek, Mole Creek area, Tasmania. A, vertical section of UTGD 94643 showing pillars. 
Note coenosteum is cut by large calcite vein. B, vertical section of UTGD 94644 with banding seemingly 
partially due to replacement of rows of long-low cysts. Sparry calcite fills the diagenetically altered areas — 
the scattered former pillars (now ‘walless rods’) and the rows of cysts (in part resembling laminae) . C, 
association of holotype of Stratodictyon ozakii Webby 1969 on Labechiella regularis (Yabe & Sugiyama 
1930) ; SUP 26252, X 5, from lower part of Cliefden Caves Limestone at Licldng Hole Creek, central 
western New South Wales. D, vertical section of Labechia of the L. prima type from the lower part of the 
Gordon Limestone Subgroup, south-west side of Sassafras Creek, Mole Creek area, Tasmania; UTGD 
94645, X 5. E-F, Labechia sp. A, X 5, latilaminate coenostea from lower part of the Gordon Limestone 
Subgroup in cliff section on north side of Sassafras Creek, Mole Creek area. E, vertical section of UTGD 
94646 showing a few traces of former pillars — now ‘walless rods’. F, vertical section of UTGD 94647, which 
in contrast lacks all traces of pillars. 
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(laminae) of the type species Labechia serotina Nicholson from the Middle Devonian 
of England as rod-like horizontal elements. The rounded pillars of L. serotina , as seen 
in tangential section, characteristically unite into chain-like groups (Galloway, 1957). 

Following the introduction of Labechiella Sugiyama (type species Labechiella 
regularis Sugiyama 1939 from the Silurian of Japan) in 1939, Sugiyama appears to 
have realized his error of using a preoccupied name, for in the errata column of his 
1940 paper he substituted the new name Labechiellata Sugiyama 1940. In his next 
paper Sugiyama (1941) again referred to Labechiellata. The type species of 
Labechiella Yabe & Sugiyama 1930 and the type species of Labechiellata Sugiyama 
1940 are closely similar except for the spacing of pillars; in Labechiella serotina they 
are close spaced and tend to form chain-like links as seen in tangential section, while in 
Labechiellata regularis, the vertical rod-like pillars are widely spaced. Galloway 
(1957) has argued that Sugiyama (1939; 1940) incorrectly claimed credit for erecting 
the genus Labechiella based on L. regularis Sugiyama, and that the introduction of 
the name Labechiellata Sugiyama 1941 (sic) could only be explained by a memory 
lapse on Sugiyama’s part. However, as outlined above, Sugiyama’s actions seem to be 
more readily explained in terms of his recognition of the error and substitution of the 
new name Labechiellata. 

Bogoyavlenskaya (1971) has added the new genus Tuvaechia (type species 
Labechia regularis Yabe & Sugiyama 1930, non Labechiella regularis Sugiyama 
1939). Nestor (1976) in discussing the relationships between Tuvaechia and 
Labechia pointed out the lack of clear-cut distinctions between the shape of the 
vesicles, the spacing of the pillars and the stratigraphical distribution of the two forms. 
The differentiation between Tuvaechia and Labechiella is even more difficult. 
Tuvaechia , like Labechiellata is distinguished from Labechiella only by the wider 
spacing of the pillars. Like Labechiellata it should be regarded as a junior synonym of 
Labechiella. Labechiella regularis Sugiyama 1939 thus becomes a subjective junior 
synonym of Labechiella regularis (Yabe & Sugiyama 1930) and must be renamed; I 
propose Labechiella sugiyamai sp. nov. 

Whether Labechiella (Fig. 3A-B) was derived from a Labechia by flattening of 
cyst plates to form laminae or from a Pseudostylodictyon by superposition of the 
denticles to form strong continuous pillars remains in doubt. Galloway (1957, p. 393) 
claimed a derivation of Labechiella from Labechia. The developmental trend 
proposed by Bogoyavlenskaya (1971) involving evolution fírst of Labechia from 
Tuvaechia (= Labechiella) , and second of Labechiella from a Labechia, does not 
seem to accord with present known facts about morphological relationships and 
stratigraphic distribution (see Nestor 1976, p. 37) . 

(v) Stratodictyon Webby 1969 — The conception of Stratodictyon is here 



Fig. 3. A-B, Labechiella regularis (Yabe & Sugiyama 1930) from the lower part of the Cliefden Caves 
Limestone, central westem New South Wales; X 5. A, tangential section of SUP 26240 from west of 
Boonderoo shearing shed. B, vertical section of SUP 26236 from Licldng Hole Creek. Note well developed 
primary laminae. C, Labechia sp. B; vertical section of PMO 97117 from Mj^sa Limestone south of 
Bergvika, Norway, showing diagenetically produced, ‘secondary’ laminae; X 5. D, Labechia aldonensis 
Webby 1977; vertical section of paratype SM.A97446 from Stinchar Limestone near Girvan, Scotland, 
exhibiting incipient, diagenetically formed, secondary laminae; X 5. E, Cystistroma donnellii Etheridge 
1895 ; vertical section of assumed topotype SUP 28246 from lower part of Cliefden Caves Limestone at Fossil 
Hill, central western New South Wales, X 4. Note small denticles on upper surfaces of cysts. F, 
Pseudostylodictyon inequale Webby 1969; vertical section of paratype SUP 29134 from Clearview 
Limestone Member of Ballingoole Limestone (Bowan Park Group) , Malachi’s Hill, central western New 
South Wales ; X 10. Note the presence of both cysts and primary laminae. 
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restricted to include only those fíne textured, latilaminate forms with horizontal 
elements composed of regular, close-spaced rows of long-low cysts resembling incipient 
laminae, vertical elements consisting of denticles and small, discontinuous pillars 
occupying some areas of the coenosteum but not others, and seemingly lacking 
astrorhizae (cf. Webby 1969). The notion of Galloway (1957, p. 364) and Kapp & 
Stearn (1975, p. 167) that ‘primitive species have cysts which are large, strongly 
convex, and variable in shape and size’ and that more advanced forms have smaller 
cysts with a higher length/height ratio and more uniform character may be used to 
imply that Stratodictyon — the type species S. ozakii Webby (Fig. 2C) , and S. 
columnare Webby, from the Cliefden Caves Limestone of New South Wales, an 
undescribed species from the Gordon Subgroup of Tasmania (Fig. 2A-B), and S. 
valcourensis (Kapp & Stearn) from the late Chazyan of eastern North America — is a 
more advanced form than the representatives of the Labechia prima group. In L. 
prima Kapp & Steam, L. eatoni (Seely) and L. aldonensis Webby, the cysts are less 
regular in size and shape, and they are less conspicuously aligned in regular rows 
appearing as incipient laminae. 

(vi) Rosenella Nicholson 1886a — This morphologically simple genus is typifíed 
by its exhibiting variably sized, usually large, cysts, with or without denticles 
(Nicholson 1886a; 1886b; Galloway 1957; Galloway & St. Jean 1961). Rosenella 
(Fig. 5D) may be distinguished from Cystostroma by having relatively much larger 
and more variably sized cysts, and from Pseudostylodictyon by lacking clearly defined 
laminae. 

(vii) Pachystylostroma Nestor 1964 — As pointed out elsewhere (Webby 1979), 
the selection of the type species of Pachystylostroma , P. ungerni (Rosen) from the 
early Silurian of Estonia, seems to have been an unfortunate choice, for it lacks 
indubitable pillars (see Nestor 1962; 1964). Indeed, at the generic level, it is 
indistinguishable from a Pseudostylodictyon, and even bears a resemblance to the type 
species of that genus, Pseudostylodictyon poshanense Ozaki 1938. Pachystylostroma 
fragosum Nestor is the only Estonian Late Ordovician form referrred to the genus 

(Nestor 1964) ; and it also lacks pillars and would seem more correctly allied to 
Pseudostylodictyon or perhaps to Rosenella. It is to be hoped that pillars will 
eventually be found in Pachystylostroma ungerni to validate this now well-accepted 
genus, characterized by the presence of both cysts and laminae, as well as pillars and 
denticles (Nestor, 1964; Mori 1969; Kapp & Stearn 1975). Nestor’s (1976) reference 
to the division of thick cyst walls into a ‘basic plate’ and a ‘covering plate’ as a 
diagnostic feature of Pachystylostroma seems totally unacceptable. The genus (Fig. 
4B-F) differs from Pseudostylodictyon in having pillars, from Labechia in having 
laminae, from Labechiella in exhibiting both denticles and cysts, and from Rosenella 
in showing both pillars and laminae. 

Nestor’s (1976) tentative assignment of Rosenella ivoyuensis Ozaki 1938 to 
Pachystylostroma seems unjustifíed on the grounds that Ozaki’s (1938) type specimens 
from China, and the New South Wales material of R. vooyuensis (see Webby, 1969), 



Fig. 4. Pseudostylodictyon aff. poshanense Ozaki 1938; vertical section of SUP 26235 from the lower part of 
the Cliefden Caves Limestone west of Boonderoo shearing shed, central western New South Wales; X 5. B- 
C, Pachystylostroma sp. A from the Mj^sa Limestone north of Bergvika, Norway; PMO 97112; X 5. B 
transverse section. C, vertical section. D-F, Pachystylostroma sp. B, X 5. D, vertical section of UTGD 94649 
from the middle part of the Gordon Limestone Subgroup just below the Pliomerina siltstones, Mole Creek, 
Tasmania. E, vertical-oblique section of UTGD 25374 from Gordon Limestone Subgroup at Gunns Plains. 
F, transverse section of UTGD 94648 from same horizon and locality as Fig. 4. D G-H, new genus allied to 
Stromatocerium from Mj^sa Limestone south of Bergvika, Norway; PMO 97113, X 5. G, vertical section. 
H, tangential section. 
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exhibit large and small cysts (but no laminae) and denticles (but no true pillars) . 
Occasional pillars are exhibited by Rosenella amzassensis Rhalfïna 1960a from the late 
Ordovician of Gornaya Shoriya and in material from the Moiero River of northern 
Siberia, both included by Nestor (1976) in his conception of ivoyuensis. It would seem 
preferable to group the Gornaya Shoriya and Moiero material in amzassensis and, 
despite the lack of well defined laminae, tentatively assign it to the genus 
Pachystylostroma. This species is not synonymous with Rosenella vooyuensis . 

(viii) Stromatocerium Hall 1847 — The genus resembles Lahechiella but the 
pillars have angular, meandriform, stellate or flanged outlines, as seen in tangential 
section. The cyst plates are frequently but not always flattened into long-low cysts or 
laminae. Denticles are not present. Pillars of virtually all described species of 
Stromatocerium appear to be secondarily altered, possibly mainly by diagenetic 
leaching of the interiors of the pillars, and subsequent infilling by sparry calcite. Even 
the upwardly protruding tips of the pillars on the upper surfaces of the coenostea are 
replaced and fílled with sparry calcite (Fig. ÌC-F) . Had the pillars been originally 
hollow as suggested by Nestor (1964; 1976) and Kazmierczak (1971), they would not 
have been preserved as upwardly protruding tubercles in the sediment. To explain the 
formation of sparry calcite fílled ‘hollow pillars’ or ‘walless rods’ requires a process of 
diagenetic alteration (Kapp & Steam, 1975) probably involving selective subaerial 
leaching of solid pillars and subsequent infíll with sparry calcite. It follows that the 
irregular to angular pillars of many forms may have been derived by secondary 
processes from large, solid, possibly originally rounded vertical elements of Labechia 
or Lahechiella type, suggesting that Stromatocerium at best should be viewed as a 
form genus. 

Nestor (1976) has recently recommended that the conception of the genus be 
restricted to representatives of the S. rugosum group, and that members of the S. 
michiganense group should be included in a separate genus. Pillars of the fírst type are 
‘hollow\ wall-like, of variable cross-sectional shape, usually radiating from centres 
which may include associated mamelons (group A of Fig. 10) . Pillars of the second 
type are thin, complexly bent and intermeshed vertical plates, not radiating outward 
from centres (group C of Fig. 10) . A third group, the S. canadense group, were 
assigned by Nestor (1976) to the genus Cystistroma Etheridge 1895. Nestors S. 
canadense group has at least one form exhibiting denticles and therefore strictly 
equatable with Cystistroma but there are others with ‘hollow\ rounded to angular 
pillars and no denticles which should be included in a separate group (group B of Fig. 
10) . A good exarriple is the new species (Fig. ÌC-F) presently under description from 
the lower part of the Gordon Subgroup in Tasmania (Webby, in press b) . 

In their classification of stromatoporoids, Rhalfina & Yavorsky (1973) 
introduced the genus Platiferostroma to accommodate forms with Stromatocerium- 
like pillars and upwardly convex cysts (like the type species of Lahechia) . They 
assigned Stromatocerium huronense Billings, described by Parks (1910) from the 
Late Ordovician of North America, to the new genus. However, this species was 
subsequently revised by Galloway & St. Jean (1961) and assigned in part to Lahechia 
huronensis (Billings) and in part tó Stromatocerium granulosum (James) . The 
former has roúnd pillars and the latter does not have conspicuously arched cyst plates. 
The former should be retained in Lahechia and the latter in Stromatocerium. The 
genus Platiferostroma (with its type species Stromatocerium hydridium Dong 1964) is 
thus best regarded as restricted to the lowest levels (Etreoungtian) of the 
Carboniferous. 

(ix) Cystistroma Etheridge 1895 — Like Stromatocerium it typically exhibits a 
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coarse-textured structure of large pillars and cysts, but the pillars have a rounded to 
irregular or serrated outline in tangential section, and tiny denticles occur on upper 
surfaces of cyst plates and in places on outer surfaces of the large pillars (Fig. 3E) . It is 
likely that the large pillars of Cystistroma were derived from mamelon columns of a 
form like Pseudostylodictyon poshanense Ozaki (Fig. 4A) , as outlined previously 
(Webby, 1969). There is little likelihood, owing to the markedly different order of 
magnitude of size difference between the pillars and denticles, of the pillars being 
derived by superposition of the denticles as in other labechiids such as Labechia and 
Pachystylostroma (Kapp & Stearn, 1975). Stromatocerium canadense Nicholson & 
Murie 1878 from the Middle Ordovician of eastern North America (and perhaps the 
Estonian counterparts including S. sahuense Nestor 1964) should be assigned to 
Cystistroma. North American specimens have denticles on the upper surface of cyst 
plates and ‘short, spine-like flanges’ on the pillars (Parkes, 1910; Galloway & St. Jean, 
1961, p. 60). 

(x) New genus allied to Stromatocerium — The distinctive Stromatocerium- like 
morphology with long, slender, ‘composite’ vane-like pillars and denticles (Fig. 4G-H) 
is currently being described as a new genus based on material from the Middle 
Ordovician Mj0sa limestone of Norway (Webby, in press, a) . Pachystylostroma and 
the related Stylostroma Gorsky 1938 (also including forms previously assigned to 
Pseudolabechia Yabe & Sugiyama 1930 but now excluded because Pseudolabechia 
proved to be an actinostromatid not a labechiid — see Mori, 1969; 1970) both exhibit 
well developed, upwardly and outwardly radiating pillars within the mamelon 
columns (Pachystylostroma also has them in other parts of the coenosteum) . In 
longitudinal section the pillars may be fused to form a vertically continuous, vane-like 
structure — see, forexample, Stylostroma gracile (Yavorsky, 1957, pl. 19, figs 1-3) — 
while in tangential section they exhibit a stellate pattern of outwardly radiating pillars 
centred on the axis of the mamelon. The ‘composite’ vane-like pillars of the new genus 
appears to have been derived from former mamelon columns. To what extent these 
structures are primary, and to what extent they are modified by secondary diagenetic 
alteration processes is uncertain. 

(xi) Lophiostroma Nicholson 1891 — Nicholson (1891), Kiihn (1927; 1939), 
Lecompte (1956) and Yavorsky (1962) all assigned Lophiostroma to labechiids, but 
Galloway (1957) preferred a grouping with the actinostromatids on the basis of the 
thickened skeletal tissue and laminae inflected into columns and, more recently, 
Khalfina & Yavorsky (1973) classified Lophiostroma with the clathrodictyids. Nestor 
(1966b) and Mori (1970), excluded the genus from the labechiids, assigning it 
instead to the family Lophiostromatidae Nestor 1966b — more recently (Nestor 1974; 
1976) to the superfamily Lophiostromatacea — on the grounds of it having 
undifferentiated skeletal tissue completely filling the interior of the coenosteum. The 
series of sharply undulating ‘laminae’ (possibly representing pauses of growth rather 
than true laminae) defines the positions of the conical pillar-like structures, seen as 
papillae on the upper surface of the coenosteum. The papillae in the type species of 
Lophiostroma, L. schmidti (Nicholson) from the Silurian of Gotland (Mori, 1970, pls 
19-20) , are remarkably similar in size and appearance to those of the type species of 
Labechia, L. conferta (Lonsdale) from the Silurian of England and Gotland. The 
only named Ordovician species closely resembling the type species is Lophiostroma 
shantungensis Yabe & Sugiyama 1930 from the Middle Ordovician of China. Its 
coenosteum is almost completely filled with poorly differentiated skeletal tissue, but 
there are traces of pillars with upwardly-directed cone-in-cone structure, and a few 
large, calcite-filled cysts. This species appears to be unquestionably a labechiid, 
possibly derived by massive thickening of its skeletal tissue from a Labechiella , or a 
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Labechia. Lophiostroma elandiense Rhalfma 1960a from the Late Ordovician of the 
Altai region seems to represent a rather poorly preserved Labechiella. 

(xii) Dermatostroma Parks 1910 — This problematical, thin, encrusting 
labechiid typically exhibits a papillose upper surface appearance like a Labechia or 
Lophiostroma (see illustration of D. scabrum in Galloway & St. Jean 1961, pl. 13, fìg. 
1), but has a less well defìned internal structure. The genus seems to be restricted to 
the Middle-Late Ordovician horizons of North America (Parks 1910; Galloway & St. 
Jean 1961). The fírst group has a few laminae and pillars, the second, radially 
crystalline prisms (possibly representing much thickened pillars) and the third 
exhibits a structureless mass of calcite crystals. The fìrst group may be allied to 
Labechiella , the second to Lophiostroma and the third is of uncertain affinities (but 
has a constant encrusting association on species of Aulacera) . Nestor (1974; 1976) 
has included Detmatostroma in the family Lophiostromatidae (and superfamily 
Lophiostromatacea) thus separating it from other labechiids like Labechiella. In spite 
of its need for revision, this genus should continue to be associated with the labechiids. 

(xiii) Sinodictyon Yabe & Sugiyama 1930 and Ludictyon Ozaki 1938 — Both 
forms come from the Middle Ordovician of China. Sinodictyon is a fasciculate to 
cylindrical form with large, denticled cysts axially, and rows of smaller, long-low cysts 
with denticles and pillars laterally. The morphology of the axial zone resembles 
Rosenella, and the lateral zone, a Labechia of the L. prima-L. eatoni type. Galloway 
(1957) included the genus Ludictyon Ozaki in synonymy with Sinodictyon, but 
Ludictyon has a more-or-less broadly cylindrical coenosteum with less well defined 
axial and lateral zones, a pattern of alternating large and small cysts in the axial zone, 
rows of smaller cysts laterally, and denticles in both axial and lateral zones (Ozaki 
1938) . It does not seem to be a convincing junior synonym of Sinodictyon. Apart from 
its broad columnar form, Ludictyon exhibits close morphological similarities with 
laminar-hemispherical Rosenella, and appears to represent an earlier stage in 
evolutionary development from a Rosenella-tyipe ancestor than does Sinodictyon. 

(xiv) Cryptophragmus Raymond 1914, Thamnobeatricea Raymond 1931 and 
Cladophragmus Raymond 1931 — These slender North American Middle Ordovician 
forms have been grouped together as representatives of a single genus, 
Cryptophragmus by Galloway (1957) and Galloway & St. Jean (1961), even though 
there are distinctive differences between them. As Raymond (1931) noted, 
Cryptophragmus is unbranched, Thamnobeatricea has lateral branching and 
Cladophragmus exhibits bifurcating branches. Cryptophragmus has an axial column 
with a narrow lateral zone, and an outer sheath with the structure of Labechia which 
is rarely seen in continuity with the axial column. It needs to be resolved whether 
Cryptophragmus represents the growth of one or more than one organism. 
Cladophragmus, on the other hand, has no lateral zone or sheath. 

The relationships of these slender cylindrical genera (Fig. 5C) to laminar- 



Fig. 5. A, Alleynodictyon nicholsoni Webby 1971 from the Gerybong Limestone Member, Daylesford 
Limestone (Bowan Park Group) at The Ranch, Bowan Park area, central western New South Wales; 
transverse section of holotype SUP 34170, X 4. B, Aulacera sp. A from the uppermost part of the Gordon 
Limestone Subgroup at The Den, Mole Creek area, Tasmania; transverse section of outer zone of large 
specimen, UTGD 94651, X 4. C, Cryptophragmusì sp. from the Lower Limestone Member of the 
Benjamin Limestone (Gordon Limestone Subgroup) in the Florentine Valley; vertical section of UTGD 
94654, X 4. D, Rosenella sp. from the Gordon Limestone Subgroup at Ida Bay; vertical section of UTGD 
94650, X 4, showing prominent mamelon-like upgrowth. E, Aulacera sp. B from the uppermost part of the 
Gordon Limestone Subgroup at The Den, Mole Creek area; vertical section of UTGD 94652, X 2. F-G, 
Aulacera sp. C from the upper part of the Gordon Limestone Subgroup at Gunns Plains ; X 2. F, transverse 
section. G, vertical section. 
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hemispherical labechiids are not clearly established. They may have evolved from 
mamelon-like columns extending upwards off a laminar-hemispherical base, but such 
bases have not yet been found. They may have been derived from a strongly 
mammillated representative of Cystostroma, Pseudostylodictyon or Rosenella with its 
mamelons exhibiting large ‘axial’ cysts. 

(xv) Alleynodictyon Webby 1971 — The genus (Fig. 5A) appears to be more 
closely related to Cryptophragmus and its allies than to Sinodictyon and Ludictyon. It 
differs from all other cylindrical labechiids by exhibiting blade-like pillars. 
Representatives of Stromatocerium and the Stromatocerium- like new genus with 
blade-like pillars provide a clue to the possible mode of derivation of the pillars of 
Alleynodictyon. In the new genus, the outwardly radiating, ‘composite > vane-like 
pillar structure (Fig. 4 G-H) seems to have formed from the many upwardly and 
outwardly inclined, small pillars fusing in continuous vertical rows and linking axially. 
Each such ‘composite’ pillar seems to have been derived at the axis of a former, 
Pachystylostroma- like mamelon column by apparent coalescence of numerous small 
pillars (Fig. 4 B-F). Alleynodictyon (if the cylindrical branches are viewed as 
modiFied mamelon columns) have a differentiated coenosteum with a lateral zone and 
an axial column. The small pillars which are similarly formed by fusion into vertical 
rows are however confmed to the lateral zone. They resemble septa in rugose corals. 

(xvi) Aulacera Plummer 1843 ( = Beatricea Billings 1857) — The coenosteum 
of Aulacera is unbranched, and it has a relatively wider lateral zone than in other 
cylindrical labechiids. The axial column is usually sharply differentiated from the 
lateral zone, and exhibits a series of large, superposed cysts; the lateral zone shows 
rows of imbricated, smaller cysts with pillars distributed, usually sporadically, in the 
outer part (Fig. 5B, E-G) . Specimens of large dimensions have been recorded from 
the Late Ordovician of Anticosti Island (Twenhofel 1928) . In places along the coast 
of Anticosti, they occur so thickly ‘as to resemble piles of petrified logs’. They protrude 
like hollowed trunks ‘suggesting small cannon projecting from a wall’ (Twenhofel, 
1927, p. 105) in a cliff face on Anticosti, appropriately named Battery Point. Mostly 
they lie in the plane of bedding, but occasionally a specimen is seen to be orientated in 
a vertical or upright (?growth) position. Attachment bases have not been positively 
confírmed. 

Most workers (Schuchert 1919; Twenhofel 1927; Yavorsky 1955; 1957; 
Galloway & St. Jean 1961) have interpreted Aulacera as having had an erect life 
orientation, growing up vertically off an attachment base. However, Copper (1974, p. 
379) has argued that Aulacera may have rolled around on the sea floor instead of 
growing vertically ! In preferring a vertical mode of growth, it should be emphasized 
that only a relatively small part of the total preserved length of the coenosteum 
(observed to a maximum of 5 m) — the apical growing area of Webby (1971) — may 
have projected above the sea floor at any one time, and upward growth may have kept 
pace with the adjoining sediment accumulation. However, a period of intense erosion 
and bodily transport of these giant columnar ‘structures’ would have been required to 
reorientate them into their fínal resting place, in the plane of bedding. 

Aulacera, though apparently confined to the Richmond (Late Ordovician) of 
North America first appears in stratigraphically lower levels in Tasmania (possibly 
equatable with the Eden or Maysville) , and possibly from still lower horizons in China 
— Aulacera peichuangensis Ozaki 1938 being recorded from the Middle Ordovician 
(‘Blackriver’ or ‘Trenton’) of China. 

(b) Family Clathrodictyidae 

Galloway (1957) in an outline of the phylogeny of Stromatoporoidea regarded 
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the Labechiidae with their simple morphology and earliest appearance as ancestral 
directly or indirectly to all other stromatoporoid families. Galloway viewed the 
Clathrodictyidae as having evolved from a member of the labechiids in the Late 
Ordovician, the overlapping or imbricated cysts of labechiids being replaced by ‘the 
side-by-side placing of the cysts’ of clathrodictyids. A similar derivation of 
clathrodictyids (‘laminar’ stromatoporoids) from labechiids (‘vesicular’ 
stromatoporoids) through a succession of developmental stages from Late Ordovician 
to Early Silurian time is inferred by Nestor (1966a). He depicted a trend from a 
Cystostroma-\ike ancestor composed of imbricate, upbranched cyst plates, but not 
arranged in orderly rows, to Clathrodictyon vormsiense Riabinin from the Late 
Ordovician (Vormsi horizon) of Estonia with regular rows of long-low cyst plates, to 
more typical representatives of the genus, in the very topmost beds of the Ordovician 
(Porkuni horizon of Estonia) — forms such as Clathrodictyon gregale Nestor and C. 
zonatum Nestor with irregular laminae. Bogoyavlenskaya (1969) and Kazmierczak 
(1971) have made similar suggestions regarding the derivation of ‘laminar’ 
stromatoporoids from Cystostroma. It is perhaps signifícant that both labechiids and 
clathrodictyids typically exhibit a microstructure of non-porous, speckled, compact 
tissue (Steam 1966) . 

Neither Galloway, Nestor, Bogoyavlenskaya nor Kazmierczak explained precisely 
how the pillars of Clathrodictyon were formed. Typically confined to a single 
interlaminar space (Stearn, 1966), the pillars are not as Galloway (1957) contended, 
strictly the downward continuations of the edges of the cysts, otherwise the intersected 
cyst walls would appear as circles or polygonal outlines in tangential sections 
(Khalfina & Yavorsky 1967). The funnel-like (or inverted cone-shaped) pillars of 
some species of Clathrodictyon (Steam, 1966; Stearn & Hubert 1966) may reflect an 
origin of the pillars from intersections of downwardly-inflexed cyst plates. However, 
usually the pillars show little or no trace of associated downwardly-inflexed cyst tissue. 
If Clathrodictyon evolved from the labechiids then the ‘labechiid-type’ cyst walls must 
have broken down or failed to calcify. The regularity in the spacing of pillars may be 
explained by the pillars having been derived at points of intersection of former 
downwardly-inflexed cysts. 

(i) Clathrodictyon Nicholson & Murie 1878 — Characteristically Clathrodictyon 
is a Silurian genus with a widespread and abundant distribution (Nestor 1964; 
1966b; 1976; Birkhead 1967; Mori 1969; 1970; Bolshakova 1973). Its Late 
Ordovician record is more restricted but not confined to Estonia and Anticosti Island 
as previously indicated by Galloway (1957) . Nestor (1964) described some fíve species 
from Estonia, and proposed two of them as name-bearers from his Late Ordovician 
stromatoporoid zones. Webby & Banks (1976) have recorded an additional four 
species from the Late Ordovician (probably about Late Caradoc in age) of Tasmania 
(Fig. 6 C-D). One Tasmanian species C. idense is notable among Ordovician forms 
for exhibiting dissepiments which link the pillars and subdivide the galleries. Species 
allied to the Estonian forms have also been reported by Webby (1969) from the Late 
Ordovician of New South Wales (Fig. 6A-B), and by Bogoyavlenskaya (1973) from 
the western Urals. 

(ii) Ecclimadictyon Nestor 1964 — The genus has a similar distribution and 
stratigraphic range to that of Clathrodictyon. It is related to Clathrodictyon but 
differs in exhibiting zigzag-shaped laminae, and relatively less conspicuous pillars. 
Although not clearly developed in all species, the pillars are confíned to interlaminar 
spaces and tend to be alternating, not superposed ; they formed from downwardly 
inflected laminae seemingly also at intersections of ‘cyst plates’. A distinctive orderly 
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meshwork is represented in tangential section by the pattern of distribution of the 
pillars and intersecting downwardly inflected chevron-shaped laminae. 

Nestor (1974) has inferred a derivation of Ecclimadictyon either from 
Clathrodictyon or, less certainly, directly from Cystostroma. In the Estonian 
successions, the flrst clathrodictyids to make their appearance are Clathrodictyon 
vormsiense and C. microundulatum whereas in New South Wales Ecclimadictyon 
nestori (Fig. 6H) first appears stratigraphically well below the first representative of 
Clathrodictyon (see Webby & Morris 1976, fig. 1) . It comes in, indeed it defines, the 
base of Fauna 2, at a stratigraphical level which is no later than Early Eastonian 
( = middle Caradoc, or late Middle Ordovician in terms of North American or Baltic 
successions) . 

Late Ordovician species of Ecclimadictyon include E. porhuni (Riabinin) and£. 
koigiense Nestor from Estonia (Nestor 1964), E. geniculatum Bogoyavlenskaya 1973 
from the Urals, E. amzassensis (Rhalfina) from south-west Siberia and New South 
Wales (Rhalfina 1960a; Webby 1969), E. nestori Webby 1969, E. crihratum Webby 
& Morris 1976 from New South Wales, and E. undatum from Tasmania (Webby & 
Banks 1976). Both the Estonian species are from the uppermost (Porkuni horizon) 
part of the Ordovician, and differ from the others in exhibiting dissepiments. Two 
other species are especially distinctive — E. amzassensis exhibits overall vertical 
continuity in alignment of zigzag-shaped rows of pillars (Fig. 6E-G) , and E. 
cribratum has patches of horizontal tissue with ‘hexactinellid’ rod-like radial processes 
(Fig.6I). 

(iii) Plexodictyon Nestor 1966b — Nestor (1966b), Stearn (1969) and 
Bogoyavlenskaya (1973) have regarded the genus Plexodictyon as restricted to Late 
Silurian strata. However, P. ìcascum Webby & Morris 1976 from the Late Ordovician 
of New South Wales (Fig. 7D) , is a species with close morphological similarities to the 
late Silurian representatives of the genus, and suggests a much earlier derivation of 
Plexodictyon from Ecclimadictyon than previously thought. It may be significant that 
a Plexodictyon- like structure develops in mamelon-like upgrowths of the coenostea of 
some of the earliest known species of Ecclimadictyon and Clathrodictyon (see Webby 
& Banks, 1976, p. 131, pl. 2, fig. 5 and Webby & Morris 1976 p. 132, Fig. 5D) . 

(c) Family Cliefdenellidae 

Webby (1969) and Webby & Morris (1976) have discussed relationships between 
Cliefdenellidae and other stromatoporoid groups. The family contains only the one 
genus, Cliefdenella Webby 1969. No other Ordovician stromatoporoid exhibits such a 
complex association of primary laminae with denticles on upper surfaces, dissepiments 
and a ramifying meshwork of horizontal astrorhizal canals filling interlaminar spaces, 



Fig. 6. Clathrodictyon cf. microundulatum Nestor 1964 from the Clearview Limestone Member of the 
Ballingoole Limestone (Bowan Park Group) , near Malachi’s Hill, central western New South Wales; 
vertical section of SUP 29133, X 5. B, Clathrodictyon aff. mammillatum (Schmidt 1858) from the Davy’s 
Plains Limestone Member of the Daylesford Limestone (Bowan Park Group) at Quondong, central westem 
New South Wales; vertical section of SUP 43173, X 10. C-D, Clathrodictyon plicatum Webby & Banks 
1976 from the uppermost part of the Gordon Limestone Subgroup in Tasmania, X 10. C, tangential 
section of holotype UTGD 94626 from roadside locality leading to main quarry west of The Den, Mole 
Creek. D, vertical section of paratype UTGD 94629 from The Den. E-G, Ecclimadictyon amzassensis 
(Rhalfina 1960a) from the upper part of the Cliefden Caves Limestone at The lsland, Cliefden Caves, 
central western New South Wales,-X 5. E-F, tangential and vertical sections of SUP 26206. G, vertical 
section of SUP 26207. H, Ecclimadictyon nestori Webby 1969 from the upper part of the Cliefden Caves 
Limestone at The Island; vertical section of paratype SUP 26200, X 10. I, Ecclimadictyon cribratum 
Webby & Morris 1976 from limestone breccia at the top of the Malongulli Formation, near Malongulli 
Trig., central New South Wales; vertical section ofholotype SUP 78266, X 10. 
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and vertical astrorhizal columns with associated updomed laminae, astrorhizal canals 
and vertical spine-like elements (Fig. 7A-C). It resembles a Plexodictyon- type 
structure (Webby & Morris 1976) with the addition of the complex astrorhizal system 
and ‘tube-like’ pillars. The vertical elements of the coenosteum — the ‘tube-like’ 
pillars and the astrorhizal columns — seem to retain their independence as discrete 
units and never appear to exhibit interconnection one with the other. Origins of this 
group are obscure. Cliefdenella makes its fîrst appearance in beds of Fauna 2 (about 
middle Eastonian or, in North America terms, ‘Trenton’) of the N.S.W. succession, 
only about 100 m stratigraphically above the fírst incoming of clathrodictyids (Webby 
& Morris, 1976) . The genus is known through a stratigraphical range in N.S.W. from 
the middle Eastonian to early Bolindian (Faunas 2-3 of Webby 1969) , and from the 
Late Ordovician of Salair in south-west Siberia (Rhalfína & Yavorsky 1974) . 



Stratigraphic Distribution 

(a) Australia 

(i) Nezu South Wales. — Three biostratigraphically distinct coral and 
stromatoporoid faunas (Faunas 1, 2 and 3) have been recognized from the Late 
Ordovician (Gisbornian-Bolindian) limestone successions of central western New 
South Wales (Webby 1969; 1971; 1975). The labechiids, Pseudostylodictyon aff. 
poshanense Ozaki, Stratodictyon ozahii Webby, S. columnare Webby, Rosenella 
zuoyuensis Ozaki, Lahechiella regularis (Yabe & Sugiyama), Cystistroma donnellii 
Etheridge and Alleynodictyon nicholsoni Webby appear in Fauna 1 (Fig. 8), of 
probable late Gisbornian age. In terms of the North American sequence, this level 
would be roughly equivalent to a late Porterfield? or early Wilderness age (i.e., in the 
older nomenclature, a ‘Blackriver’ age) . This is the oldest stromatoporoid fauna 
known from New South Wales; and it already exhibits considerable diversity from the 
basic labechiid stock. 

The fírst appearance of clathrodictyids defines the base of Fauna 2, in sequence 
some 94 m above the top of the lower, thinly bedded member of the Cliefden Caves 
Limestone (Webby & Morris, 1976). On the basis of present correlations, these 
clathrodictyids (Ecclimadictyon nestori Webby and Plexodictyon ? sp.) probably fírst 
appeared about the beginning of the Eastonian and the fírst cliefdenellids in the 
middle Eastonian. The stratigraphic distribution of the Ordovician clathrodictyid and 
cliefdenellid stromatoporoids was shown in fíg. 1 of Webby & Morris (1976). The 
labechiid component of Fauna 2 includes Cystostroma cliefdenense Webby, 
Pseudostylodictyon inequale Webby and Lahechiella variabilis (Yabe & Sugiyama) . 
Cystostroma cliefdenense seems to be in no way closely linked or related to the fírst 
clathrodictyids. Indeed the clathrodictyids actually appear stratigraphically below the 
fírst occurrences of C. cliefdenense. In terms of North American successions, Fauna 2 
would equate with the ‘Trenton’ (Fig. 8), or in the revised terminology of Sweet & 
Bergstrôm (1976), the Rocklandian-Shermanian. 

Fauna 3 spans an interval from the late Eastonian to the early Bolindian, broadly 
equivalent to the Eden-Maysville interval of North America (Fig. 8) . The 



Fig . 7. A-C, Clíefdenella etheridgei Webby 1969 from the upper part of the Cliefden Caves Limestone, 
The Island, Cliefden Caves area, central westem New South Wales: X 5. A, vertical section of holotype 
SUP 24157. B, tangential section of paratype SUP 24154. C, oblique-vertical section of paratype SUP 
24156. D, Plexodictyonì cascum Webby & Morris 1976 from the Clearview Limestone Member of the 
Ballingoole Limestone (Bowan Park Group) of central western New South Wales; vertical section of 
paratype SUP 77277, X 7.7. Note the association with the rugosan Palaeophyllum patulum McLean & 
Webby 1976. 
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stromatoporoids occur mainly in the upper part of the respective limestone successions 
at Bowan Park and elsewhere, and may represent a mainly ‘early Bolindian’ fauna. 
They include cliefdenellids, clathrodictyids (including Plexodictyon ? cascum) and the 
labechiid, Pseudostylodictyon inequale. No stromatoporoids have been found in 
higher Ordovician horizons of New South Wales. 

(ii) Tasmania. — Carbonates of the Gordon Subgroup accumulated through 
much of Ordovician time on the Tasmanian Shelf (Banks, 1962; Webbyl976; 1978). 
Only the clathrodictyid stromatoporoids from the upper part and labechiids from the 
lowest part of the sequence have so far been studied in detail (Webby & Banks, 1976 ; 
Webby, in press b) . The bulk of the fauna consists of labechiids (no cliefdenellids are 
known) , and comprises a very diverse and abundant component of the total biota. 
Corbett & Banks (1973) have outlined the general faunal and floral succession in the 
Gordon Subgroup of the Florentine Valley area as consisting of some eight 
stratigraphically distinct ‘faunas’, probably ranging from about Castlemainian (late 
Arenig) to early Bolindian. The first three ‘faunas’ lack stromatoporoids but the 
fourth contains Stromatocerium in an assemblage with Maclurites and Girvanella. It 
occurs in the Cashions Creek Limestone of probable Darriwilian age — approximately 
equivalent to middle-late Chazy of North America. The stromatoporoid faunas from 
this horizon to the top of the subgroup (from the fourth to eighth ‘faunas’ inclusive) 
are more complete and better preserved in the Mole Creek section than in the 
Florentine Valley. 

The fírst stromatoporoids to appear in the basal part of the Gordon Subgroup of 
the Mole Creek area are Stromatocerium, Stratodictyon and Labechia (Figs ÌD-F; 
2A-B, D) . Stratigraphically higher, in the ‘ Lichenaria ’ beds, exposed in the cliffs 
above Sassafras Creek, Labechia (Fig. 2E-F) is exposed in latilaminate, dome to 
sheet-like ‘colonies’ up to 550 mm across and 220 mm in height. Rosenella and a 
branching cylindrical form, possibly Cryptophragmus , make their appearance 
towards the top of the cliffs. Still higher the first Pachystylostroma comes in. These 
occurrences together with the first appearances of Tetradium and Eofletcheria suggest 
a correlation with the earliest N.S.W. coral/stromatoporoid fauna (Fauna 1) . 

Stratigraphically much higher, immediately beneath the Pliomerina siltstones, 
the stromatoporoids include abundant Pachystylostroma (Fig. 4D, F) and less 
common Labechia , Labechiella and Rosenella. Palaeophyllum and heliolitids have 
been observed from this part of the sequence indicating a correlation with N.S.W. 
Fauna 2. Above the Pliomerina siltstones, the faunas are rather sparse and the record 
of stromatoporoids incomplete. However, towards the top of the sequence of the 
Gordon Subgroup, at The Den and in the vicinity of the large working quarry farther 
west, there is a rich stromatoporoid fauna comprising Labechia, Labechiella , 
Rosenella , Aulacera (Fig. 5B, E) and the clathrodictyids Ecclimadictyon undatum 
Webby & Banks, Clathrodictyon plicatum Webby & Banks, C. molense Webby & 
Banks and C. sp. The fauna is associated with abundant corals including favositids, 
halysitids, Favistina and other characteristic elements of Fauna 3. It is very tentatively 
correlated with the Eden-Maysville of North America (Fig. 8) , despite the occurrence 
of Aulacera, which tends to be restricted to the Richmond of North America 
(Galloway & St. Jean 1961 ) . 

Appearances of Ordovician stromatoporoid genera in Australian successions are 
depicted in Fig. 8. The maximum period of diversification of stocks seems to have 
occurred in the Gisbornian, with the appearance of Fauna 1. The species of 
Stromatocerium, Stratodictyon and Labechia in the lowest part of the limestone at 
Mole Creek are distinctly different forms (Figs ÌD-F; 2A-B, D) and cannot easily be 
linked through intermediate forms back to a common ancestor. The species of 
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Stratodictyon and Labechia may have evolved from an early Chazy representative of 
Pseudostylodictyon, like P. lamottense, thought by Kapp & Stearn (1975) to be the 
oldest North American stromatoporoid, but Pseudostylodictyon has not been found in 
the iowest stromatoporoid-bearing beds of the Gordon Subgroup of Tasmania. The 
species of Stromatocerium, has no known progenitor unless it is interpreted as having 
descended from Rhalflna & Yavorsky’s (1974) supposed Early Cambrian 
Stromatocerium of the Kuznetsky Alatau region, Siberia (see later discussion, p. 113) . 
From the initial Stromatocerium, Labechia and Stratodictyon stocks in these lowest 
horizons of the Gordon Subgroup, it would not have been diffîcult to derive the more 
diverse Fauna 1 assemblage. 



(b) North America 

Kapp & Stearn (1975) have traced the evolutionary history of the oldest 
stromatoporoids in North America. They have interpreted Pseudostylodictyon 
lamottense which first appears in the Day Point Formation (zone 1) of the Chazy 
Group, and has ‘denticled laminae and large irregular cysts’, as representing the 
earliest stage of stromatoporoid evolution. Diversification from this ancestral stock 
took place along two main paths, typified by the genera Labechia and 
Pachystylostroma. Both genera make their appearance in the Crown Point Formation 
(zone 2) of the Chazy Group — Labechia eatoni, L. prima and Pachystylostroma 
goodsellense, the first to exhibit vertical pillars supposedly secreted to strengthen the 
coenosteum. In the next stage of evolutionary development through the middle-late 
Crown Point and Valcour Formations (mid-late Chazy) a further two species of 
Labechia and three species of Pachystylostroma appeared, presumably derived from 
the main stock of L. eatoni and P. goodsellense. 

The genus Cystostroma which is formed solely of cysts without laminae or pillars 
has as its type species C. vermontense originally described from the Crown Point 
Formation, and considered by many workers, most notably by Galloway (1957) and 
Nestor (1964; 1966a), as the most primitive stromatoporoid. Unfortunately, Kapp & 
Stearn (1975) were unable to confirm the presence of this species and have suggested 
it to be a very rare species or ‘an abnormal representative of Labechia prima\ 

A stratigraphic break in the record of deposits and hence a gap in the course of 
evolutionary development occurs between the top of the Chazy Group and the base of 
the overlying Black River Group. According to Kapp & Stearn (1975) the basal 
formation of the Black River Group is the Pamelia Formation and it contains the 
problematical cylindrical stromatoporoid Cryptophragmus. The succeeding Lowville 
and Leray Formations have a new stromatoporoid fauna apparently dominated by 
Stromatocerium rugosum. In addition to Cryptophragmus and Stromatocerium, 
Galloway & St. Jean (1961) have noted the first appearance of Rosenella and the 
enigmatic encrusting stromatoporoid Dermatostroma Parks 1910 in horizons of 
‘Blackriver’ age. With the exception of Cryptophragmus most of the labechiid genera 
seem to range at least to the top of the Ordovician. Cryptophragmus however is 
confined to the North American late Middle Ordovician (i.e., ‘Blackriver’ and 
possibly ‘Trenton’) . 

The large, unbranched, cylindrical stromatoporoid Aulacera Plummer is 
characteristic of Richmond (Late Ordovician) horizons of North America (Galloway 
& St. Jean 1961) . Also Clathrodictyon has been reported by Twenhofel (1927, p. 107) 
from a similar level in the succession of Anticosti Island. The species recently figured 
by Copper (1974, p. 378) from a bioherm of the Ellis Bay Formation (late 
Richmond) on Anticosti seems to be the same species of Clathrodictyon as Dr T. E. 
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Bolton of the Canadian Geological Survey (pers. comm.) has shown me from Member 
6 of this formation. It is a representative of the Clathrodictyon horeale group of Nestor 
(1964). Workum, Bolton & Bames (1976) have also recorded Labechia, 
Cystostroma ? and Aulacera from the Ordovician succession of Akpatok Island, north- 
east Canada. 

(c) Europe 

The oldest stromatoporoid in European successions appears to be Lahechia 
aldonensis Webby 1977 from the Stinchar Limestone of the Girvan district of 
Scotland. It occurs in an horizon of approximately middle-late Llandeilo age 
(Williams, 1962; Williams etal, 1972). 

On the island of Helg^ya in the Nes-Hamar district of Norway, St0rmer (1953) 
recorded the presence of a spectacular ‘stromatoporoid reef some 9-10 m thick in the 
Mj0sa Limestone. The Mj0sa Limestone is correlated with the Upper Chasmops 
Limestone (stage 4bd) of Oslo, or in terms of Estonian subdivisions, equivalent to the 
Oandu (Djjj) or Rakvere (E) stages (middle-late Caradoc) . As noted by Skjeseth 
(1963) the core of the reef near the shore of Lake Mj0sa consists of a massive 
framework of stromatoporoids. Sampling of the Mj0sa Limestone in the vicinity of 
Bergvika on the island of Helg0ya has produced a varied stromatoporoid fauna with a 
few individual coenostea attaining dimensions of up to 1.3 m across and 0.4 m in 
height. The fauna includes representatives of Lahechia , Pachystylostroma and a new 
genus allied to Stromatocerium (Webby, in press a) . To the south the Encrinite 
Limestone of similar age to the Mj0sa Limestone also contains stromatoporoids. 

Kaljo, Klaamann & Nestor (1963) have recorded two stromatoporoids from the 
Ashgill of Norway — Clathrodictyon microundulatum Nestor from stage 5a, and 
Pachystylostroma sp. nov. ex gr. fragosa Nestor from stage 5b. These elements 
correspond quite closely to faunas of the Pirgu (Fj c ) and Porkuni (Fjj) stages of 
Estonia. 

The Estonian Ordovician stromatoporoid succession has been fully described and 
analysed by Nestor (1964; 1966b). As outlined by him (1966b) the vesicular 
labechiids ( Stromatocerium , Cystostroma and Plumatalinia) are typical of the 
period, but begin to be replaced by ‘vesicular-laminar’ clathrodictyids 
( Clathrodictyon and Ecclimadictyon) by Ashgill times. Two species of 
Stromatocerium are the first to appear in the Oandu (Dju) stage of middle-late 
Caradoc age. No stromatoporoids have been recorded from the succeeding Rakvere 
(E) and Nabala (Fj a ) stages, but the fìrst clathrodictyids, C. microundulatum and C. 
vormsiense appear in the next stage, the Vormsi (F Ib ) , about early-middle Ashgill 
time. The succeeding Pirgu (Fj c ) stage contains Stromatocerium, Cystostroma and 
Plumatalinia in addition to C. microundulatun. The topmost stage of the Ordovician 
in Estonia, the Porkuni (Fjj) , is characterized by new species of Clathrodictyon, C. 
gregale , C. mammillatum and C. zonatum, by the first Ecclimadictyon (£. koigiense 
andE. porkuni) and by Pachystylostroma fragosum. 

On the westem slope of the Urals, Bogoyavlenskaya (1973) has described an 
Ordovician stromatoporoid fauna comprising Cystostroma concinnum (Ivanov) , 
Stromatocerium definitum (Ivanov) , Clathrodictyon microundulatum Nestor and 
Ecclimadictyon geniculatum Bogoyavlenskaya. The species come from two horizons 
— the Typyl (topmost Middle Ordovician) and Rassokha (Late Ordovician, about 
the level of the zone of Pleurogr. linearis) . The species of Ecclimadictyon is unusual in 
occurring in the older Middle Ordovician (Typyl) horizon (approximately equivalent 
to the level of Dicranogr. clingani, or to the Oandu stage, Djjj, of Estonia; 
Whittington & Williams, 1964) . 
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(d) Asia 

In the Moiero River section in the northern part of the Siberian Platform, Nestor 
(1976) has recorded a succession of Middle-Late Ordovician stromatoporoid faunas. 
All are labechiids, and the oldest is Cystostroma insuetum Nestor from the Krivoluk 
stage of possible ‘Blackriver’ (Nestor 1976, p. 9) or PChazy (Sokolov et al. } 1960 p. 49) 
age. Stromatocerium cf. sahuense Nestor 1964 occurs in an higher, Middle Ordovician 
(?‘Trenton’) horizon, and a much larger fauna appears in the Late Ordovician Dolbor 
stage. This latter fauna comprises Cystostroma evenkiense Nestor 1976, 
Stromatocerium australe Parks 1910, S. pergratum Nestor 1976, Lophiostroma sp. 
and Pachystylostroma? amzassensis (Rhalfìna 1960) — see earlier discussion p. 96. 
Aulacera tenuipunctata (Yavorsky 1955) occurs in still higher beds near the top of the 
Ordovician. Another form, reported by Yavorsky (1955) from the Late Ordovician of 
the Siberian Platform (Stony Tunguska and Moiero Rivers) , is Lahechiella regularis 
(Yabe & Sugiyama) . 

In the folded zone of the Altai Sayan mountain region of south-west Siberia there 
are many isolated records of Ordovician stromatoporoids. Rhalfina (1960a) has 
described Lahechiella lophiostromoides (Rhalfina) , L. elandiense (Rhalfina) , 
Pachystylostroma? amzassensis (Khalfina) and Ecclimadictyon amzassensis 
(Khalfina) from the upper part of the Amzass Formation (Late Ordovician) of 
Gomaya Shoriya and from similar levels in Gorny Altai. In approximate terms, the 
upper part of the Amzass Formation correlates with the zone of Pleurogr. linearis 
(Sokolov et al. , 1960). Khalfina & Yavorsky (1974) recorded Cliefdenella permirum 
from the Late Ordovician of Salair, and Bogoyavlenskaya (1971) referred to the 
presence of Cystostroma in the Middle and Late Ordovician of Tuva, and Labechiella 
regularis (Yabe & Sugiyama) and Labechia huronensis (Billings) from Late 
Ordovician horizons. 

From the Late Ordovician Dulankara horizon in Kazakhstan, Khalfina (1958) 
has described (without illustration) Lahechiella hasachstanica, and from the Late 
Ordovician of the Chatkal Range of Kirgizia, Middle Asia, Yavorsky (1961) has 
recorded Cystostroma sarytschelehense. 

Another species of Cystostroma, C. rarum Yavorsky, of uncertain validity because 
of its intergrowth with Labechia mirabilis Yavorsky, is described by Yavorsky (1961) 
from the Late Ordovician of the Kolyma Basin of the north-eastem U.S.S.R. 

In addition, many species of Aulacera have been described from Late Ordovician 
horizons from various parts of the Soviet Union by Yavorsky (1955; 1957 ; 1963) , in 
particular from the Urals, from Novaya Zemlya, from the Vilyuy and Stony Tunguska 
Rivers of the Siberian Platform, and from eastern Siberia. A species of 
Cryptophragmus, C. gracilis is also recorded from the Ordovician of eastern Siberia 
by Yavorsky (1955). 

Ordovician stromatoporoids have been reported from a number of regions of 
Eastern Asia — Shantung, Shansi and Liaotung (Southern Manchuria) provinces of 
North China, and North Korea (Yabe & Sugiyama 1930; Endo 1932; Ozaki 1938; 
Sugiyama 1941; Yang & Dong 1962). These occurrences all fall within the 
geographical limits of the major Hwangho Basin, and come from horizons of the 
Toufangian Series (and equivalents) of ‘Middle’ Ordovician (post Llandeilo and pre- 
Ashgill) age. Kobayashi (1969) has noted that stromatoporoids are the third largest 
fossil group in the Toufangian fauna of the Hwangho Basin, more specifícally they 
occur mostly in horizons of the Toufangkou Limestone and the Ssuyen Formation 
(i.e., in the middle or upper parts of the Toufangian Series) .There is no evidence of a 
faunal succession — merely an abundance of elements through a relatively restricted 
stratigraphical range, probably equivalent to the ‘Blackriver’, and possibly the 
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‘Trenton’ as well. The varied fauna includes records of some thirteen species from 
Shantung, nine from Liaotung, two from Shansi and two from North Korea. The 
genera include Pseudostylodictyon , Labechia , Labechiella , Lophiostroma, Rosenella, 
Sinodictyon, Ludictyon and Aulacera. The species of Aulacera, A. peichuangensis 
Ozaki, possibly represents the earliest record of the genus, earlier than the ‘Eden- 
Maysville’ appearances of the genus in Tasmania (Fig. 8). The association of 
Aulacera with other cylindrical forms ( Sinodictyon and Ludictyon) may imply an 
evolutionary connection, with the Chinese fasciculate, branching ‘Middle’ Ordovician 
forms ancestral to the unbranched Aulacera (Fig. 10) . 

(e) General significance 

The Ordovician labechiids exhibit a strikingly rapid period of diversification 
through the interval from the Llandeilo to the early Caradoc (from Chazy to 
‘Blackriver’ using North American terminology, see Fig. 8) . The earliest (Chazy) 
stocks, judging from Australian and North American first appearances, include 
Pseudostylodictyon (N. Amer.), Cystostroma (N. Amer. & PAust.), Labechia (N. 
Amer. & Aust.), Stromatocerium (Aust.), Stratodictyon (Aust.) and 
Pachystylostroma (N. Amer.). They are followed by appearance of Rosenella 
(Aust.), Labechiella (Aust.), Cystistroma (Aust.), Dermatostroma (N. Amer.) and 
the first cylindrical forms — Cryptophragmus (N. Amer.) and Alleynodictyon 
(Aust.) — in the early Caradoc (‘Blackriver’) and correlatives (see Fig. 8) . 

With the records of Lophiostroma, Sinodictyon, Ludictyon and Aulacera in the 
‘Middle Ordovician’ of China — possibly from equivalent ‘Blackriver’ (or ? ‘Trenton’) 
levels — it seems that the maximum period of generic diversification of labechiids 
from basic Chazy stocks occurred early in the history of the group. They maintained 
their presence as the major stromatoporoid group through the Middle and Late 
Ordovician (from ‘Blackriver’ to Richmond times) but declined in importance from 
the Silurian onwards. Less than half the Ordovician genera of labechiids (and none of 
the cylindrical forms) survived beyond the end of the Ordovician (Fig. 8) . Aulacera 
whose cylindrical columns attained very large dimensions (5 m in height?) in beds of 
the latest Ordovician was perhaps the most spectacular form to become extinct. 

From the apparent band-like spread of occurrences (Fig. 9) , it appears that the 
Ordovician labechiids had approximately an equatorial distribution, perhaps limited 
to within 20° either side of the palaeoequator. The Middle Ordovician stocks seem to 
have a more restricted geographical spread — confíned to eastern North America, 
Scotland, China and S.E. Australia — than the Late Ordovician forms (Fig. 9) . 

Despite the inadequacies of the preserved fossil record and the unevenness in the 
reliability of available data, it may be suggested that some of the labechiid elements 
like Labechia and Cystostroma seem to have achieved an ‘equatorial’ distribution 
during the Chazy, while others — Pseudostylodictyon, Pachystylostroma, 
Stromatocerium and Aulacera — seem to have migrated very slowly to adjoining 
regions (Fig. 9) . Others again appear to represent endemic elements, for instance, the 



Fig. 8. Chart showing the known stratigraphic ranges of Ordovician stromatoporoid genera. The fírst 
appearance of each genus is shown by symbols for each major region. Those genera known to survive beyond 
the end of the Ordovician are depicted with arrows at the top of their Ordovician ranges. Correlations 
between the respective British, Baltic, North American and Australian stratigraphic subdivisions are only 
tentative. However, it should be noted that the boundaries between the Lower and Middle Ordovician, and 
between the Middle and Upper Ordovician, as shown in the columns by symbols L, M and U, occur at 
different levels in the respective Baltic, North American and Australian successions. C/S faunas — 
coral/stromatoporoids faunas of Webby (1969) and Webby & Morris (1976). 
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Fig. 9. Map illustrating the world-wide spread of Ordovician stromatoporoid faunas. Note also the single 
occurrence of the supposed Cambrian ‘stromatoporoids’ from the Altai Sayan mountain region of Siberia. 
Ordovician equatorial positions based on suggestions by Webby (1978) for Australia and Ross (1976) for 
North America. 



problematical, encrusting Dermatostroma of North America, cylindrical Sinodictyon 
and Ludictyon of China, and cylindrical Alleynodictyon of Australia. 

The clathrodictyid genera Clathrodictyon and Ecclimadictyon also exhibit 
pattems of slow global migration like a number of the labechiid genera. The genus 
Clathrodictyon which First appears in ‘Trenton’ correlatives in New South Wales, 
Australia, took until the Maysville (early Ashgill) to reach Estonia, and until the late 
Richmond to make its first appearance in North America, on Anticosti Island. 



Origins and Interrelationships 
(a) Supposed Cambrian 'Stromatoporoids ’ 

Although most workers have claimed the Middle Ordovician ‘vesicular’ labechiids 
to be the earliest representatives of the Stromatoporoidea with Cystostroma 
(Galloway, 1957; Galloway & St. Jean, 1961; Nestor, 1964; 1966a; Bogoyavlenskaya, 
1969) or Pseudostylodictyon (Kapp & Stearn, 1975) seen to be ancestral to all later 
forms, a small group of Soviet specialists, notably Yavorsky (1932; 1940; 1947), 
Rhalfina (1960a; 1960b; 1971), Vlasov (1961) and Rhalfina & Yavorsky (1967; 
1974), have maintained that the Ordovician stromatoporoids were derived from 
earlier, Cambrian stocks. The supposed stromatoporoid fauna occurs exclusively in 
the Early Cambrian of the Altai Sayan mountain region of south-west Siberia (Fig. 9) . 
The fauna includes representatives of exclusively Cambrian genera (Altaicyathus 
Vologdin 1932; Rorovinella Rhalfìna 1960b; Praeactinostroma Rhalfina 1960b; 
Cambrostroma Vlasov, 1961) , and others which may be linked with established post- 
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Cambrian forms — the genera Clathrodictyon Nicholson & Murie 1878, Rosenellina 
Radugin 1936 and Stromatocerium Hall 1847. 

Rorovinella (type species Clathrodictyon sajanicum Yavorsky) is the best known 
genus, typically exhibiting porous laminae, short, rod-like pillars, and vertical canals, 
the latter possibly analogous to the astrorhizal columns of stromatoporoids (Rhalfìna 
1960a; 1960b). The porous nature of the laminae, on the other hand, is noted by 
Nestor (1966a) to ally the genus to archaeocyathans. Praeactinostroma (type species 
Actinostroma vologdini Yavorsky) has both discontinuous rod-like horizontal elements 
and pillars forming an incomplete, reticulate network also intersected by vertical 
canals. It appears to have closer affinities to stromatoporoids by resembling the 
Silurian genus Plectostroma Nestor 1964 and Mesozoic genus Actinostromaria 
Chalmas in Dehorne 1920 (see Nestor 1966a) . Of the other forms, Nestor (1966a) has 
viewed Camhrostroma as a junior synonym of Rorovìnella, he has noted that 
Radugin’s Cambrian species of Rosenellina has never been described and cannot be 
discussed further, and he has observed that Vlasov’s species of Clathrodictyon (C. 
formozovae) is based on such small fragments that they cannot be satisfactorily 
revised . 

Altaicyathus (type species A. notabilis) was originally described as an 
archaeocyathan by Vologdin (1932), but it was later included by Yavorsky (1940), 
Zhuravleva (1955; 1960), Rhalfma (1960b) and Vologdin (1966) in 

stromatoporoids. Rorovinella Rhalfina 1960b has been regarded by Vlasov (1967) as 
a junior synonymn of Altaicyathus Vologdin 1932 (see also Hill, 1972, p. E142, and 
Flíigel & Flugel-Rahler, 1968, p. 525), so perhaps both Rorovinella and 
Camhrostroma should be included in Altaicyathus. However at least one species of 
Rorovinella , K. edelsteini (Yavorsky), has recently been equated with the 
archaeocyathan Ahakanicyathus karokolensis Konjuschkov — see Zhuravleva & 
Miagkova (1974, pl. 2, fig. 2). 

Two species of Stromatocerium , S. pospelovi Rhalfìna in Rhalfma & Yavorsky 
1974 and S. camhricum Rhalfìna in Rhalfìna & Yavorsky 1974 are recorded as coming 
from the Cambrian of the Kuznetsky Alatau, south-west Siberia. With their 
meandriform pillar structures, the species seem to have more in common with forms 
from the Early Carboniferous of China — like Stromatocerium kwangsiense Dong 
1964 — than with typical Ordovician species of the genus (Parks, 1910; Galloway & 
St.Jean, 1961). 

Galloway (1957) noted that the supposed Cambrian stromatoporoids of Yavorsky 
(1932) were not composed of simple cysts as would be expected if they were ancestral 
to Cystostroma and Pseudostylodictyon but included more complex structures with 
laminae, pillars and astrorhizae. He implied (see also Galloway & St. Jean, 1961 , p. 7) 
that the forms were collected from younger horizons than the Cambrian. Galloway 
also thought that the stromatoporoids as a group may have evolved from the 
archaeocyathans, from a form like Exocyathus Bedford & Bedford, but did not, in 
view of his doubts about the stratigraphic position of Yavorsky’s fìnds, explore the 
possibility of the supposed Cambrian forms being transitional between 
archaeocyathans and stromatoporoids. The more recent work of Yavorsky, Khalfma 
and Vlasov has proved beyond doubt that the bulk of the forms come from the Early 
Cambrian of the Altai-Sayan mountain region; typically they have an association with 
archaeocyathans, even within the one specimen. 

Nestor (1966a) interpreted the supposed Cambrian stromatoporoids (excluding 
the recently reported species of Stromatocerium) as archaeocyathans being only 
convergently similar to stromatoporoids. According to him, the forms disappeared 
from the stratigraphic record towards the end of the Early Cambrian and had no 
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successors in the Middle-Late Cambrian or the Early Ordovician. He argued against 
them being the ancestors of the Middle Ordovician stromatoporoids, the earliest being 
the ‘vesicular’ labechiids. On the other hand, archaeocyathan specialists such as 
Vologdin (1966) and Hill (1972) have excluded the supposed Cambrian 
‘stromatoporoids’ from a grouping with archaeocyathans. 

Rhalfina & Yavorsky (1967) in reply to Nestor reiterated that the Cambrian 
forms were the oldest stromatoporoids, and that they were morphologically distinct 
from archaeocyathans. They noted that vertical canals were shown to be arranged like 
the astrorhizal canals of stromatoporoids, and the external and intemal walls of 
typical archaeocyathans were lacking. The coniform-cylindrical ‘coenostea’ of forms 
like Rorovìnella and Praeactinostroma were seen to bear similarities to cylindrical 
coenostea of some later Palaeozoic (post Ordovician) stromatoporoids, for example, 
in exhibiting similar patterns of laminae arranged transversely to the axial canal 
(Paramphipora) , lateral processes ( Idiostroma , Stachyodes) and a single axial canal 
(. Amphipora , Idiostroma) . The genus Clathrodictyon was seen by Rhalfina & 
Yavorsky to be unrelated to ‘vesicular’ stromatoporoids, and possibly to have been 
derived from Cambrian ‘stromatoporoids’ with perforate laminae. The porous nature 
of the laminae in Rorovinella was regarded as being different from the arrangement of 
pores in tabulae of irregular archaeocyathans (Suborder Archaeosyconina) , and the 
mode of lamina formation in Rorovinella similar to that of stromatoporoids like 
Actinostroma (another post Ordovician form) . I question these latter assertions. First, 
the perforate laminae of Rorovinella closely resemble the porous tabulae of irregular 
archaeocyathans lik e Hupecyathus Debrenne 1964. Secondly, the perforate laminae of 
Roroxrinella differ markedly from the laminae of Actinostroma (composed of an 
hexactinellid network of radial processes — see Stearn, 1966, p. 86) . 

Zhuravleva (1970) has noted that the skeletal structures of archaeocyathans of 
the class Irreguìares with ‘colonial’ form may be practically indistinguishable from 
stromatoporoids like Clathrodictyon (Zhuravleva & Miagkova, 1974). The tabulae, 
vertical rods and central cavities of irregular archaeocyathans are recognized as having 
equivalents in the laminae, pillars and astrorhizae of stromatoporoids. Zhuravleva & 
Miagkova (1974) have emphasized the morphological similarities between 
stromatoporoid Amphipora and irregular archaeocyathan Protopharetra , and 
between Rorovinella and Archaeosycon. They have additionally shown the supposed 
Cambrian ‘stromatoporoids’ Rorovinella edelsteini and Praeactinostroma to be 
indistinguishable from irregular archaeocyathans Abahanicyathus haraholensis 
Koniuschkov and Claruscyathus cumfundus (Vologdin) , respectively (Zhuravleva & 
Miagkova, 1974, pl. 2) . 

In terms of presently accepted views of morphology and classification of 
stromatoporoids the Cambrian ‘stromatoporoid’ genera of Yavorsky, Rhalfina and 
Vlasov include three (possibly four) stocks, each of which may be grouped in a 
different family. Altaicyathus (= Rorovinella) belongs to the exclusively Cambrian 
family Rorovinellidae Rhalfína 1960b, Praeactinostroma should probably be included 
in the family Actinostromatidae Nicholson 1886 (a group which has no confírmed 
Ordovician record) and Clathrodictyon is a member of the Clathrodictyidae. A 
possible fourth is the presumed Stromatocerium (family Labechiidae) . The 
korovinellids are the best known group but have the least close resemblances to Middle 
Ordovician or later stromatoporoids. Praeactinostroma bears no close relationships to 
Middle-Late Ordovician stromatoporoids. Clathrodictyon and Stromatocerium 
remain too inadequately documented. Clathrodictyon is based on totally insuffícient 
material and Stromatocerium has yet to be confírmed as coming from undoubted 
Cambrian horizons. Their essentially localized occurrence with archaeocyathans in the 
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Altai Sayan mountain region of Siberia and morphological resemblances with 
members of the class Irregulares, and their physical separation by such an enormous 
break in continuity of record of some 110 m.y. from Middle Ordovician 
stromatoporoids, make it impossible to establish them as the earliest, indubitable 
stromatoporoids. The occurrences of Clathrodictyon and Stromatocerium may 
represent the earliest records of clathrodictyids and labechiids, respectively, but they 
may equally well be viewed as homeomorphs of later stromatoporoids (either offshoots 
of irregular archaeocyathans, or members of an independent group) . There is no 
record of such structures after the extinction of the reef-forming archaeocyathans at 
the end of the Early Cambrian, until the Middle Ordovician when skeletal reef 
habitats reappeared. 

(b) Outline of Evolutionary Development of Ordovician Stromatoporoids 

The Middle Ordovician stromatoporoids formed an important ‘skeletonized’ 
constituent of the earliest ‘coral-stromatoporoid-algal’ reef communities (Pitcher, 
1971; Heckel, 1974; Copper, 1974; Kapp, 1975) . Their skeletal remains were among 
the more prominent components of Middle-Late Ordovician patch reef and carbonate 
bank deposits. The advent of skeletonization may have represented an adaptive 
breakthrough allowing for a dramatic increase in size (some Chazy stromatoporoids 
are up to 1 m in width and height) , providing the necessary support for the mantling 
soft tissues, and elevating the individuals above the substrate to facilitate their filter 
feeding (Stearn, 1972), epifaunal mode of life, The sessile stromatoporoid animal 
evidently lived in a moderately competitive, near-equatorial, shallow-water patch reef 
or carbonate bank-type environment. 

The main burst of adaptive radiation of the labechiids occurred in the Middle 
Ordovician, seemingly with the genera derived from a Cystostroma or 
Pseudostylodictyon-\ïkc ancestor, as shown in Fig. 10. From the nature of the 
radiation of skeletonized genera (Figs. 8, 10) , it appears that we are viewing a genuine 
invasion of patch reef and bank habitats previously relatively free from competitors. 
The early appearance of Stromatocerium from the Tasmanian ‘Middle Ordovician’ 
(Fig. 8) , an ‘advanced’ form in terms of its occurrence at the end of an evolutionary 
pathway (see Stromatocerium group B in Fig. 10) may merely serve to indicate how 
rapidly the adaptive radiation took place in the Chazy, rather than to suggest links 
with a supposed Early Cambrian Stromatocerium archetype (Rhalfina & Yavorsky, 
1974). 

Recognition in some labechiids of immature and mature (or alternating) growth 
stages — the basal layers of coenostea (and the bases of latilaminae) exhibiting 
immature stages of growth — may be significant in clarifying phylogenetic 
relationships within the group (Galloway, 1957). For example, Galloway (1957, p. 
394) noted in one specimen of Cystistroma canadensis the presence of a Rosenella- type 
‘immature’ stage, and Kapp & Stearn (1975) have observed Cystostroma as the 
‘immature’ stage of Lahechia prima . 

Morphologically the most simple, calcifíed laminar hemispherical forms are 
Cystostroma , Pseudostylodictyon and Rosenella (Fig. 10) . They typically exhibit rows 
of simple cysts (or laminae in Pseudostylodictyon) arranged in an imbricated manner, 
denticles on their upper surfaces and mamelons but no pillars. By simple superposition 
of denticles to form rounded pillars, the genera Labechia (L. prima group) , 
Stratodictyon and Pachystylostroma may be derived. In view of the growth stages 
exhibited by Lahechia (Yavorsky, 1961; Kapp & Stearn, 1975) Cystostroma, rather 
than Pseudostylodictyon, should be regarded as its ancestor. Stratodictyon appears to 
have been derived from a member of the L. prima group, or less likely, directly from 
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Fig. 10. Diagram showing possible evolutionary pathways for the Ordovician genera of labechiid 
stromatoporoids. 



Pseudostylodictyon (Webby, 1969, p. 653), while Pachystylostroma appears to have 
evolved, as Kapp & Stearn (1975) have outlined, from Pseudostylodictyon. The 
culmination of the trend towards long and continuous pillars derived from superposed 
denticles leads to representatives of Labechia (L. conferta group) with cysts and 
Labechiella with laminae. Stromatocerium (S. rugosum group) is derived from 
Labechiella and has irregular (secondarily altered) pillars. None of these latter forms 
exhibits denticles. 

Derivation of Lophiostroma and Dermatostroma is more problematical. The clue 
to the derivation of Lophiostroma with its poorly differentiated intemal structures 
owing to a completely solid infill of tissue is seen in the Middle Ordovician species L. 
shantungensis which shows traces of original pillars and a few large unfilled cysts in the 
interspaces, as in a Labechiella or Labechia. Furthermore the upper surface of the 
coenosteum of the respective type species of Lophiostroma and Labechia have an 
identical papillose appearance. The encrusting genus Dermatostroma includes forms 
with solidly fused vertically aligned prisms which may be allied to Lophiostroma 
(Dermatostroma A in Fig. 10) , and forms with a few laminae and pillars which may 
be related to Labechiella (Dermatostroma B in Fig. 10) . 

Cystistroma , as previously suggested by Webby (1969, p. 653), may have been 
derived from Pseudostylodictyon with the large, rounded-angular pillars evolving 
from mamelons, not from denticles. The new Stromatocerium- like genus (Webby, in 
press a) bears similarities to Cystistroma in exhibiting denticles on upper surfaces of 
cysts in the interspaces between the large pillars but differs in having ‘composite’ vane- 
like pillars, each apparently developed at the site of a former mamelon. It seems to 
have a different derivation from Cystistroma , probably from a Pachystylostroma . 
Other forms with large ‘hollow’ wall-like radiating pillars of S. rugosum type (group A 
of Fig. 10) and slender, intermeshed, ‘composite’ blade-like pillars, referred to the 
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Stromatocerium michiganense group (group C of Fig. 10) may have a similar origin, 
but they lack denticles. 

The cylindrical labechiids appear to have evolved from the laminar- 
hemispherical forms by the development of extended mamelon-like upgrowths 
perhaps from a Cystostroma- like base (Galloway & St. Jean, 1961) . The relationships 
have not been clearly established but there would appear to be two main trends (Fig. 
10) — one through the Chinese fasciculate-cylindrical genera Ludictyon and 

Sinodictyon to the large unbranched Aulacera , and the other through the slender 
North American forms of Cryptophragmus, Cladophragmus and Thamnobeatricea to 
Alleynodictyon, a genus with blade-like pillars (Webby, 1971). Both lines would 
appear to commence with a simpl e Rosenella or Cystostroma -like ancestor. 

Clathrodictyids may have been derived from a simple labechiid ancestor, but 
evolved pillars from downward inflections of laminae rather than by superposition of 
denticles as in labechiids, and developed walled astrorhizae. Adequate time seems to 
have been available for these morphological changes to have taken place, given a line 
of descent from a Chazy, Cystostroma- like ancestor to the first appearance of 
clathrodictyids in the ‘Trenton’ (Fig. 8) . The alternative is a much earlier, 
independent ancestry for the group, possibly from the Early Cambrian Clathrodictyon 
of Vlasov (1961) and Rhalfina & Yavorsky (1967) . To be directly ancestral to Middle 
Ordovician and later representatives of the genus would imply that the supposed Early 
Cambrian Clathrodictyon lost its ability to preserve a mineralized skeleton for a period 
of 110 m.y. to the Middle Ordovician. 

It is more difficult to derive the complex morphology of the cliefdenellids from a 
labechiid. The group may have evolved from a clathrodictyid like Plexodictyon but 
there would seem to be too limited a period of time within the ‘Trenton’ (Fig. 8) to 
make all the necessary morphological changes, viz., addition of denticles to the upper 
surface of its primary laminae, large tube-like pillars and complex astrorhizae. A more 
realistic view allowing for the development of the complex morphological features is to 
suggest that cliefdenellids arose as an independent Ordovician group from an earlier, 
possibly Cambrian soft-bodied ancestor. 

The marked morphological differences between the three separate families of 
Ordovician stromatoporoids favour a much earlier origin possibly from a common (? 
soft-bodied) ancestor in the Cambrian (very doubtfully from within the irregular 
archaeocyathans, suborder Archaeosyconina) , with independent lines of descent 
through the Ordovician. The initial Middle Ordovician record of each family is based 
on the appearance of its first skeletonized remains, and does not necessarily coincide 
with the origins of the individual group. 
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